Ship design is a complex engineering effort required excellent coordination between the various disciplines and essentially applies iteration to satisfy the relevant requirements, such as stability, power, weight, and strengths. Through, all-in-one Multidisciplinary Design Optimization (MDO) approach is proposed to get the optimum performance of the ship considering three disciplines, power of propulsion, ship loads and structure. In this research a Latin Hypercube Sampling (LHS) is employed to improve the space filling property of the design and explore it to sample data for covering the design space. To avoid the problem of huge calculation time and saving the develop time, a quadratic Response Surface Method (RSM) is adopted as an approximation model to study the relation between a set of design variables and the system output for solving the system design problems. A genetic algorithm (GA) is adopted as search technique used in computing to find exact or approximate solutions to optimize and search problems and appropriate design result in MDO in ship design. Finally, the validity of the proposed approach is proven by a case study of a bulk carrier.
I-introduction
Effective ship design satisfies complex functional requirements and maintains a vast amount of knowledge and successful coordination of many different disciplines. Multidisciplinary design optimization (MDO) is an efficient optimization method for designing large-scale and coupled multidisciplinary systems [1] . We adopt MDO methods to solve design problems incorporating a number of disciplines and consideration to the design variables. MDO has presented its more superiority in the aeronautic research fields. However, to our knowledge, there is only some primary research of MDO in the ship design, because of the complexities and the traits of ship design. According to the requirements of ship design, in this paper, a MDO method combined response surface method (RSM) and a genetic algorithm (GA) is utilized to get an optimal and concordant design result. In this paper the approximation model technology Response surface method (RSM) which was invented by Box [2] , will be employed, to reduces the hugeness calculation cost and ensure the computation precision effectively. For building approximations of computer model analysis, Latin hypercube Sampling (LHS) is adopted as design of experiments (DOE) to sample out the points of the ship design variables. To reduce the development time and get the optimal design results in multidiscipline in the whole ship design space we introduce genetic algorithm. GA is popular computational models inspired by evolution; we applied it based on the RSM, in the proposed MDO ship design process.
The rest of the paper is organized as follows. Section 2 explains the RSM model concepts are briefly introduced and the steps of its application in the complex ship MDO. Section 3 describes how GA is used to search the optimal design results based on the RSM. In Section 4 we test the proposed approach by case study of 33500 DWT Handymax bulk carrier is utilized to prove the validity and necessity of this methodology. Following the case study, results are analyzed and discussed. The research closed with a conclusion and future research perspectives of ship MDO is addressed in the last section.
Research methodologies
Latin Hypercube Sampling. In general, there are large number of design variables should be thought over in the ship design, may be for one problem. According to the traits of the ship design, in this proposed methodology, for building approximations computer modeling analysis we used Latin Hypercube Sampling (LHS) which it suggested by McKay (1979) . Mathematically, if 1 ,....., n XX are mutually independent random variables with invertible continuous distribution functions , 1,....., j F j p  respectively, then the LHS th i sample for the th j variable can be created as [3] :
Where the j  are independent uniform random permutations of the integers   1, 2,...., n , and the   i j  are independent   0,1 u random numbers independent of the j  .We apply (LHS) to achieve an effective variance reduction and adopted as design of experiments (DOE) with less error.
Construction of Response Concepts and Application. To deal with the complex MDO problem in the large design space, RSM is adopted to reduce computational expense and satisfies the computational precision simultaneously during MDO process in ship design. The second-order model is widely used because of its flexibility and ease of use. With k variables can be written as the following:
Where x i is the design variables of the considered problem, β are the regression coefficients. The unknown regression coefficients are typically estimated using the method of least squares ε the error [4] . The main application steps of utilizing RSM for approximating the design and optimization problems in MDO are concluded as follow:
Step 1: Confirm the inputs (design variables) and outputs (performance) of the MDO problem;
Step 2: Gain the sample points of inputs by using Latin Hypercube Sampling (LHS);
Step 3: start with 2 q factorial point to fitting the second-order model to describe the response surface of MDO problem;
Step 4: Check the model adequacy for model in Step 3; if the adequacy satisfied go to step 5 if it is not go to step 3;
Step 5: analyzing the stationary point to find location of stationary point for the model;
Step 6: Confirm the RSM of the MDO problem.
Genetic Algorithm
The genetic algorithm is a method for solving optimization problems that is based on natural selection, the process that drives biological evolution. The genetic algorithm repeatedly modifies a population of individual solutions. At each step, the genetic algorithm selects individuals at random from the current Population to be parents and uses them produce the children for the next generation [5] . The main application steps of GA as search technique used in computing to find solutions of the optimization problems as follow [6] :
Step1.
[Start] Generate random population of n chromosomes (suitable solutions of the RSM problem)
Step2.
[Fitness] Evaluate the fitness f(x) of each chromosome x in the population.
Step3. [New population] Create a new population by repeating following steps until the new population is complete A.
[Selection] Select two parent chromosomes from a population according to their fitness (the better fitness, the bigger chance to be selected) B.
[Crossover] with a crossover probability cross over the parents to form a new offspring (children). If no crossover was performed, offspring is an exact copy of parents.
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[Mutation] with a mutation probability mutates new offspring at each locus (position in chromosome).
D. [Accepting] Place new offspring in a new population
Step4.
[Replace] Use new generated population for a further run of algorithm
Step5. [Test] if the end condition is satisfied, stop, and return the best solution in current population
Step6.
[Loop] Go to step 2
Case study
In this section, numerical results with the collection of problems from literature review to apply the proposed approach on the 33500 DWT open hatch box shaped bulk carrier ship are researched as case study to prove the validity of proposed approach on a ship MDO problem. In practice, the ship owner only care about the running cost of the ship. Consequently, the running cost of this ship design is carefully studied in this paper, for providing a useful design scheme reference for the ship designer to design this kind of bulk carrier. However, this problem contains three disciplinary, structure, cargo load and power of propulsion. Through the MDO problem, Table1 has listed the main design variables of the ship design and optimization, a probability method is used to express them with mean value (μ) and standard deviation (σ). The first five variables are the principal design variables of ship hull geometry; last three are the ship constraint variables and others are the change rang variables, which usually change with voyage and sea conditions. The objective function of MDO problem is to minimize the running cost per day of the ship with more than 80%full load. Cost evaluation may be done based on weight items, such as steel, outfit, deadweight, etc., as well as on power demands and fuel consumption. The weight items and power are used in regressions enabling the estimation of operational costs. The major factor effect in running cost is fuel consumption by ship Main Engines (MEs) which are the most crucial equipments to determine the configuration and other critical variables of the ship; furthermore, it decides the whole performance of the ship and cost of the transport service. Moreover, fuel consumption is the key point that concerned by ship owners, due to the minimal cost that can bring the maximum profit [7] . In this case study, MAN B&W 6S46MC-C is the main engine for the next step of simulation to solve MDO problem. To optimizing of the ship design, the MDO process was established overall system including: propulsion, fuel consumption, shape of the hull, draft, fluid resistance and so on to accomplish the goal of voyage. To construct the model, first a Latin hypercube DOE with 30 sampling points is executed, then RSM introduced to construct the regression model for the MDO problem including: A 1 -voyage range, A 2 -water plane area and A 3 -fuel stored in the ship against to Y-fuel consumption cost. With the sampling point, the constructed response surface model of the problems is expressed as: Y=-6.0055 + 1.0469A 1 + 27.523A 2 -6.0658A 3 -8.3381A 1 2 + 2.8815A 1 A 2 -20.615A 2 2 + 18.426A 1 A 3 -20.831A 2 A 3 + 11.66A 3 2 As an example of the model produced, fuel consumption cost is plotted versus voyage range, fuel stored in the ship bulk carrier loaded and water plane area see Fig.1 . It has four sub-figures. 
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Result and discussion
As result, to ensure the carriage of the ship is in a relative high percent, the design variable A 2 (water plane area) is defined as a constraint, which is greater than 2176, that means the cargo in the ship should be loaded more than 73% of the full loads to reach the minimum running cost. The optimization result of the design from convergent of the objective function in fig.2 is: fuel consumption cost should be equal to 4900 (dollar), voyage range equal to 7606 (nautical mile), water plane area equal to 2193(m 2 ) and fuel stored in the ship equal to 1441(ton). However, these results can be referenced for the ship designers in practical engineering, when similar kind of ships are required to developed.
Conclusion
This paper shown the validity of the proposed novel approach for ship optimization based on MDO concept. This approach is combining RSM and GA to ascertain the objective function which it is minimizing the running cost per day of the ship with full load. In this approach DOE is utilized to sampling the different inputs that influence the whole model. RSM is used to construct the approximation model and then GA introduced to search the convergence of the systematic objective function. The results show this approach looks promising. The validity and benefit of this research has been proved by a case study. However, a relative expensive computational expense is the limitation of this proposed approach. The future work about this work is to research how to achieve the multi-objective optimization of the MDO problem.
